Locally enhanced aerosols over a shipping lane produce 
Introduction

26
Aerosols impact the properties of liquid clouds by providing nuclei onto which wa- This source of additional heating and buoyancy has been hypothesized to invigorate deep 43 convection, producing stronger updrafts and more anvil cirrus [Rosenfeld et al, 2008] . and precipitation when compared to models that predict supersaturation [Lebo et al, 2012] .
88
The QuickBeam cloud radar simulator [Haynes et al, 2007 ] is used to compare the sim-89 ulated cloud and precipitation fields to those that would be observed by the 13.8 GHz (Fig. 2a) . The enhanced N a leads to increased in-cloud 138 cloud droplet number mixing ratio, N c , over the shipping lane, not only at cloud base but 139 throughout the lower troposphere (Fig. 2b) . Here, N c is sampled only where the cloud 140 liquid mass mixing ratio q c >10 −6 kg kg −1 . As a result, the mean cloud droplet size is sys-141 tematically decreased above the shipping lane (Fig. 2c) . Figure 2d shows that the surface 142 -6-Confidential manuscript submitted to Geophysical Research Letters (Fig. 3a) , but the largest increase is higher in altitude, just above the 0 • C 150 isotherm (z = 4.4 km). The increases in graupel mass mixing ratio q g are larger and 151 also deeper and more coherent in the vertical than those in cloud liquid (Fig. 3b) . The 
179
As the invigoration hypothesis predicts, the apparent convective heating, Q 1 , due to 180 the combined effect of latent and radiative heating and convective-scale motions [Yanai & 181 Johnson, 1993], also increases over the shipping lane above the melting layer (Fig. 4c) .
182
This Q 1 increase across the shipping lane drives the upper tropospheric ascent seen in Fig-183 ure 3d; it is mainly induced by enhanced convection rather than radiative heating. As the all of these differences are statistically significant at the 95% level.
191
The invigoration of convection leads to increased precipitation at the surface in the 192 shipping lane (Table 1) , but the fractional increase in precipitation (∼5%) is smaller than be necessary as a precursor to lightning [Zipser & Lutz, 1994] . In our simulations (Fig. 4d) ,
228
the frequency of strong updrafts over the shipping lane is about about 10% larger than 229 over the background region, which is no larger than the cloud fraction increase. Graupel and snow increase by 20-25% over the shipping lane (Fig. 3b, Table 1 ), which is substan- 
287
As seen in Table 1 , the background-to-shipping-lane changes in microphysical, dy-288 namical and some radiative quantities increase by a factor of 2.5-3 from the control to suggests that the aerosol concentration itself may influence these changes.
292
Further features of the simulations -especially the changes in cloud radiative ef- 
